This study investigated two foodborne outbreaks of gastroenteritis that occurred 10 days apart among individuals who had meals at the restaurant of a farm holiday resort. Mild gastrointestinal symptoms were reported and none of the patients needed hospitalization. Mean incubation times were 45 and 33 h, and the overall attack rates were 43.5 and 58.3 %, respectively. Stool sample examination was negative for common enteric pathogens in both outbreaks. Specimens from 13 people involved in the second outbreak and 3 restaurant staff were examined for diarrhoeagenic Escherichia coli. An enteroaggregative E. coli (EAEC) strain of serotype O92 : H33 was isolated from six participants and one member of staff. In particular, the EAEC strain was isolated from five of the six cases of diarrhoea examined. The strain showed an aggregative pattern of adherence to HEp-2 cells, did not produce a biofilm and possessed the virulence-related genes aat, aggR, aap and set1A, but not the astA gene. A retrospective cohort study indicated a pecorino cheese made with unpasteurized sheep milk as the possible source (P,0.001). Samples of the cheese had E. coli counts higher than 10 6 c.f.u. g "1 , but the outbreak EAEC strain was not isolated. This report confirms that EAEC infections are probably underdiagnosed because of the limited availability of laboratories capable of identifying this group of pathogenic E. coli.
INTRODUCTION
Enteroaggregative Escherichia coli (EAEC) are diarrhoeagenic E. coli characterized by the ability to adhere to HEp-2 cells in a characteristic 'stacked-brick' pattern (Nataro & Kaper, 1998) . This property is usually due to the presence of aggregative adherence fimbriae, whose expression is positively controlled by the aggR gene, located on a large plasmid termed pAA (Nataro, 2005) . EAEC infections are usually associated with watery diarrhoea, which is often persistent (Nataro & Kaper, 1998) . Illness results from a complex interaction between pathogen and host, which implicates the initial adherence of the bacteria to the epithelium of terminal ileum and colon, in the characteristic aggregative pattern, followed by damage and a subsequent inflammatory response of the intestinal mucosa (Nataro, 2005; Huang et al., 2006) . EAEC are a major cause of protracted diarrhoea in children in developing countries (Nataro & Kaper, 1998; Huang et al., 2006) , where they are also linked to diarrhoeal illness of travellers and human immunodeficiency virus-positive patients (Huang et al., 2006) . However, they have also been found to be associated with diarrhoea in industrialized countries (Tompkins et al., 1999; Weintraub, 2007) . EAEC belong to a wide range of serotypes (Wilson et al., 2001) and are considered as emerging pathogens, characterized by a varied and complex epidemiology (Huang et al., 2006) . Cases of EAEC infection are reported to be sporadic, but some outbreaks, involving both children and adults, have been described. The sources of infection have rarely been identified in these episodes. In France, an outbreak due to an atypical EAEC serogroup O111 capable of producing verocytotoxin (VT) (Morabito et al., 1998) was possibly due to person-to-person transmission (Boudailliez et al., 1997) . In India, a community-wide outbreak in a village was epidemiologically associated with the consumption of water from open wells (Pai et al., 1997) . Three foodborne outbreaks have been reported in Japan. The first, caused by an untypable EAEC strain, IP: 54.70.40.11
On: Thu, 27 Dec 2018 10:04:18 involved over 2500 students eating a school lunch that was epidemiologically identified as the cause of the outbreak (Itoh et al., 1997) . The second and third involved highschool students, and adults attending a party, and were associated with EAEC strains belonging to serogroups O126 and O111, respectively (Yatsuyanagi et al., 2002) . No information on the food items possibly involved was available. Another four foodborne outbreaks have been described in the UK (Smith et al., 1997) . The settings included restaurants (two outbreaks) and dinners organized for Christmas and a conference, and the number of people involved ranged from 14 to 111. EAEC strains belonging to different serogroups were isolated from three of the outbreaks, but no information on the possible sources was available.
In this paper, we report on the investigation of two foodborne outbreaks of gastroenteritis that occurred in Italy, associated with the restaurant of a farm holiday resort. An EAEC strain of serotype O92 : H33 was isolated from the patients involved in one of these outbreaks, which was specifically investigated for these pathogens.
METHODS
Unless specified, all of the activities and the definition refer to both outbreaks; the terms outbreak 1 (OB1) and outbreak 2 (OB2) refer to the clusters of cases associated with the meals of 16 and 26 February 2006, respectively. Background On 20 February 2006, the Territorial Health Unit of Civitanova Marche, a town located in the Marche region of central Italy, was informed of several cases of gastroenteritis among patients who had attended a dinner, held 4 days before, in a restaurant located on a farm holiday resort. Epidemiological and microbiological investigations were carried out with inconclusive results, and no evidence of gross failures in the hygiene procedures and conditions was observed in the restaurant. On 3 March 2006, a new cluster of cases of gastroenteritis with symptoms similar to those reported in the previous outbreak was notified to the same Health Unit. Cases were identified among people who had participated in a birthday banquet that had taken place in the same restaurant on 26 February 2006. The activity of the restaurant was immediately suspended. As the farm owned a sheep flock and used unpasteurized raw milk to produce a typical cheese (pecorino) usually served in the restaurant, pasteurization of the milk was also ordered.
Epidemiological investigation. All of the attendees were traced back and interviewed using a standard questionnaire to collect information on age, gender, whether the participant became ill or not, type and time of onset of clinical symptoms and consumption of food items. A case of gastroenteritis was defined as a person who had attended the meal on 16 or 26 February and developed diarrhoea (three or more semi-solid or liquid stools in 24 h) over the next 7 days.
Three of the restaurant staff, one of whom was also involved in cheese preparation, were also included in the OB2 investigation. They were asked to report any clinical symptoms that had occurred in the previous 2 weeks, as well as to provide a list of food items consumed by themselves on 26 February. The analytical studies were performed using a retrospective cohort design in order to identify any association between consumption of food items and cases of gastroenteritis.
Sample collection. All participants in the meals related to the outbreaks were requested to submit stool samples. Specimens were collected from 19 people involved in OB1 between 5 and 13 days after the meal, and from 14 people involved in OB2, 5 days after the meal; specimens were also obtained from three of the restaurant staff 7 days after the OB2 meal. The mean interval between onset of symptoms and collection of specimens was 3 days (range 2-10) for OB1 and 4 days (range 3-4) for OB2.
Aliquots of four food items left from the meal associated with OB2 (cake, crepes, ravioli and pecorino cheese) were collected and sent to the local Veterinary Public Health Laboratory for microbiological examinations. The OB2 investigation also included the sampling of five other pecorino cheese forms, with different seasoning periods (from 3 to 34 days), which were maintained in the restaurant store room. Ten pooled faecal samples were also collected from the sheep flock present in the farm. Each pool consisted of freshly voided faeces collected from three different animals.
Microbiological analyses. Stool specimens, kept at 4 uC, were sent to the laboratory of the local hospital within 24 h of collection and examined by standard methods for the presence of common enteric pathogens: faeces were seeded on SS agar for Salmonella enterica and Shigella spp., on Listeria selective agar for Listeria monocytogenes, on Preston Campylobacter selective agar for Campylobacter spp. and on CIN (cefsulodin-Irgasan-novobiocin) agar for Yersinia enterocolitica. Aliquots of the specimens collected from the 13 people involved in OB2 and from the 3 restaurant employees were stored at 220 uC until shipped to the National Institute of Health, Istituto Superiore di Sanità (ISS), to be examined for the presence of diarrhoeagenic E. coli and norovirus.
The presence of norovirus was assessed by RT-PCR, using the generic primers JV12I and JV13Y (Vinjé & Koopmans, 1996) , and the presence of free faecal VT by a Vero cell cytotoxicity assay (Caprioli et al., 1992) . For the detection of pathogenic E. coli, stools were streaked onto MacConkey agar and three colony sweeps of lactose-fermenting colonies resembling E. coli from each plate were tested by the Vero cell assay for VT and heat-labile enterotoxin production as described previously (Bisicchia et al., 1985) . Colony sweeps were also tested by PCR amplification for the presence of genes encoding VT (vtx1 and vtx2), intimin (eae) and the antiaggregation protein transporter gene (aat; previously reported as CVD 432) of EAEC (Schmidt et al., 1995; Nishi et al., 2003) , as described previously (Morabito et al., 1998) . Food samples were examined for the presence of Salmonella enterica, L. monocytogenes, Campylobacter spp. and Clostridium perfringens by standard methods. E. coli were enumerated using the EN ISO 16654 : 2001 procedure (ISO, 2001) .
For the detection of EAEC, sheep faeces and enrichment cultures of pecorino cheese were streaked onto MacConkey agar and colony sweeps were examined for the presence of the aat gene by PCR (Morabito et al., 1998) . For the isolation and characterization of EAEC strains, single colonies were picked from the aat PCR-positive colony sweeps and tested again by PCR. The aat-positive strains obtained were examined using a HEp-2 cell-adherence assay, as described previously (Morelli et al., 1994) . The presence of the EAECassociated virulence genes astA, encoding the enteroaggregative heatstable toxin (Savarino et al., 1993) , set1A, encoding an enterotoxin first identified in Shigella flexneri 2a (Fasano et al., 1995) , aggR, a plasmid-borne master virulence regulator (Dudley et al., 2006) and aap, encoding dispersin (Sheikh et al., 2002) , was assessed by PCR as described by Huang et al. (2007) . Detection of astA was also performed with a primer pair described by Savarino et al. (1993) . EAEC strains 17-2 and 042 (Pet-negative mutant), kindly provided by J. P. Nataro . Antimicrobial susceptibility testing was performed by disc diffusion as described previously (Busani et al., 2004) , using the following antibiotic discs: nalidixic acid, ampicillin, cefotaxime, ciprofloxacin, chloramphenicol, gentamicin, kanamycin, streptomycin, sulfonamides, tetracycline, trimethoprim-sulfamethoxazole. PFGE was performed as described previously (Morabito et al., 2001) , using 100 U XbaI (New England Biolabs) and overnight digestion. A strain of Salmonella enterica serotype Braenderup was used as a standard molecular mass marker. Biofilm formation on plastic surfaces was assessed as described by Mohamed et al. (2007) . Strain 042 served as a positive control and an E. coli K12 strain as a negative control.
Data analysis. Category variables were described using counts and percentages with a 95 % confidence interval (95 % CI). Differences in proportions were assessed for statistical significance using a x 2 test or, where appropriate, Fisher's exact test. For every food item, specific attack rates in exposed and unexposed individuals were calculated. The food-specific risk ratio with 95 % CI and P values were calculated by univariate analysis with illness status as the outcome variable and consumption of each food item as the explanatory variable. Similarly, for OB2, the food-specific risk ratio was also obtained by considering the EAEC infection as the outcome variable. Statistical analyses were carried out using STATA software version 8.1 (Stata).
RESULTS

Descriptive epidemiology
Questionnaires were collected from all subjects who attended the meals associated with OB1 (23 individuals) and OB2 (24 individuals). Information on age was not available for OB1; the median age of the individuals involved in OB2 was 22 years (range 4-74). Symptoms included diarrhoea (10 individuals for OB1 and 14 for OB2), nausea (12 and 11 individuals, respectively), abdominal pain (10 and 11 individuals, respectively), vomiting (6 and 9 individuals, respectively) and hyperthermia (6 and 6 individuals, respectively). Symptoms were generally mild and were reported by 15 individuals involved in OB1 and 16 involved in OB2. None of the patients needed hospitalization. The mean time between meal consumption and onset of symptoms (incubation time) was 45±17 h for OB1 (range 11-70) and 33±16 h (range 19-67) for OB2. The three employees of the restaurant denied having had any symptoms in the previous 2 weeks and did not provide information on the food items consumed at the time of OB2.
A total of 10 of the 23 individuals involved in OB1 and 14 of the 24 involved in OB2 met the case definition. The overall attack rate was 43.5 % in OB1 and 58.3 % in OB2. The epidemic curves of OB1 and OB2 (not shown) both supported a point source exposure.
Microbiological results
In both outbreaks, all stools samples were negative for Salmonella, Shigella, Listeria, Campylobacter and Yersinia. The 16 OB2-related stool specimens sent to ISS were collected from 6 individuals with gastroenteritis, 2 individuals who had complained of symptoms other than diarrhoea (nausea and abdominal pain), 5 asymptomatic subjects and the 3 restaurant employees. All were negative for the presence of norovirus RNA and free of faecal VT. E. coli colony sweeps were obtained from all 16 samples, and were negative for VT and heat-labile enterotoxin production in the Vero cell assay. PCR analyses showed that the sweeps were negative for the vtx1, vtx2 and eae genes. Seven sweeps were positive for the aat gene, characteristic of EAEC. E. coli strains positive for the aat gene were isolated in pure culture from all seven colony sweeps. All showed an aggregative pattern of adherence when tested in the HEp-2 cell-adherence assay, and possessed the aggR, aap and set1A genes, but were negative for astA. All of the isolates were negative in the biofilm production assay, with mean OD 570 values ranging from 0.128 to 0.202, compared with a mean OD 570 value of 1.694 obtained with the positive-control strain 042.
All of the strains were negative when tested with antisera against the typical enteropathogenic E. coli serogroups, were susceptible to all of the antimicrobials tested and showed similar PFGE profiles (Fig. 1) . A representative strain was sent to the World Health Organization International E. coli and Klebsiella Centre for serotyping, and was identified as E. coli O92 : H33.
Five of the seven EAEC strains isolated were from five of the six cases of gastroenteritis whose faeces were sent to ISS, one was from one of the five asymptomatic subjects and one was from one of the three restaurant employees; the latter was not involved in the preparation of the pecorino cheese but served as a waiter during the meal. All of the food specimens left from the meal associated with OB2 were negative for Salmonella, Listeria, Campylobacter and Clostridium perfringens. However, the pecorino cheese had an E. coli count greater than 10 6 c.f.u. g 21 . The cheese specimen was kept frozen and sent to ISS to be examined for EAEC, together with samples from another five forms of pecorino cheese maintained in the restaurant store room. All of these samples were negative for the presence of EAEC, as well as the ten samples of pooled faeces collected from the farm sheep flock.
Analytical epidemiology
A total of 22 food items were served in the meal associated with OB1 and 16 in the meal associated with OB2. Twelve food items were served in both meals. In OB1, only two food items (jam and roasted potatoes) had a statistically significant risk ratio (P50.029 for both items). In OB2, a statistically significant association was observed between consumption of ham (P50.029) and pecorino cheese (P,0.001), and cases of illness. The risk ratio could not be calculated for these items as no cases of illness in the unexposed subjects were recorded. Attack rates, risk ratio and 95 % CI, and P values for those items significantly associated with illness in at least one of the outbreaks are shown in Table 1 . In both outbreaks, the pecorino cheese was served together with jam on the same plate.
Among the individuals involved in OB2 whose faecal samples were examined for EAEC, the isolation of this organism from stools was associated with the consumption of pecorino cheese (six EAEC-positive out of eight exposed compared with none of the five unexposed, P50.008) and fried olives (six EAEC-positive out of nine exposed compared with none of the four unexposed, P50.026).
DISCUSSION
The isolation of the same EAEC O92 : H33 strain from five of the six cases of gastroenteritis whose faeces were examined for this pathogen, in the absence of other common enteric pathogens, strongly supports its possible aetiological role in OB2. Besides the aat gene, used as a diagnostic marker for EAEC detection (Schmidt et al., 1995; Nishi et al., 2003) , the outbreak strain possessed other virulence-related genes that have been commonly associated with EAEC diarrhoea: aap, encoding the secreted protein dispersin (Sheikh et al., 2002) ; aggR, encoding a master regulator of a package of plasmid virulence genes (Nataro et al., 1994) , including aap itself (Sheikh et al., 2002) ; and set1A, encoding Shigella enterotoxin 1 (Fasano et al., 1995) . The association between aap and aggR has frequently been observed in EAEC (Huang et al., 2007; Samie et al., 2007) and is due to their presence within the same genetic locus (Czeczulin et al., 1999; Sheikh et al., 2002) . The presence of aap and aggR has been associated with the production of biofilms on abiotic surfaces (Mohamed et al., 2007) , although none of the EAEC strains isolated here was a biofilm producer. Despite the absence of the astA gene, the outbreak strain possessed all of the main virulence genes found to be associated with EAEC diarrhoea by Huang et al. (2007) . Therefore, it can be considered a typical EAEC, according to the classification proposed by Nataro (2005) .
EAEC strains belonging to serotype O92 : H33 have been reported in a case of traveller diarrhoea in Mexico (Nataro et al., 1995) and in a child with diarrhoea in Brazil (Gomes et al., 1998) . Similar to the strains described here, both of those isolates were aggR positive and astA negative (Nataro et al., 1995; Jiang et al., 2002; Uber et al. 2006) . The Mexican O92 : H33 strain, termed JM221 (Nataro et al., 1995) , has been used for experimental infections in different studies with conflicting results. Nataro et al. (1995) reported that this strain failed to elicit diarrhoea when fed to five adult volunteers. Conversely, the same strain was reported elsewhere to cause mild diarrhoea in adult volunteers (Mathewson et al., 1986) and diarrhoea in gnotobiotic piglets (Tzipori et al., 1992) . These results suggest that EAEC O92 : H33 can be only moderately virulent, and this feature could explain the mildness of the symptoms observed in the patients involved in this outbreak. Table 1 . Food items statistically associated with cases of gastroenteritis in at least one of the outbreaks Attack rate (AR) among exposed and unexposed individuals, relative risk ratio (RR) and 95 % CI, and P values are shown. This study represents what is believed to be the first report of an outbreak of EAEC infection in Italy, and we cannot exclude that EAEC may also have played a role in the outbreak occurring in the same restaurant 10 days earlier in which the stool samples were negative for common enteric pathogens and were not investigated for EAEC infection.
EAEC are considered to be emerging enteric pathogens, and this episode may confirm the possibility that their role in diarrhoeal illnesses may have been understated, as they are not looked for in many laboratories due to the difficulties of identification. In a nationwide study carried out in England with appropriate laboratory methods (Tompkins et al., 1999) , EAEC was the group of pathogenic E. coli most commonly isolated from patients with intestinal infectious diseases. Whilst many other studies conducted in European countries, including Italy (Morelli et al., 1994) , have described the association between EAEC and sporadic diarrhoea (Jenkins et al., 2006; Weintraub, 2007) , outbreak reports are rare. The characteristics of the episode described here were quite similar to those of other outbreaks reported in industrialized countries. It occurred in a restaurant setting, the symptoms were mild and the observed attack rates (43 and 58 %) were comparable to episodes that occurred in Japan (40 %) (Itoh et al., 1997) and in the UK (between 47 and 91 %) (Smith et al., 1997) . The mean incubation periods of 45 and 33 h observed for the two episodes were also comparable to that of 40-50 h reported by Itoh et al. (1997) .
The epidemiological investigation strongly indicated a pecorino cheese made with unpasteurized milk as the source of the second outbreak. The cheese was prepared in house, using milk obtained from sheep owned by the resort. Microbiological analyses conducted on aliquots left over from the outbreak meal and maintained frozen, and on other whole-cheese forms produced in the same period, did not yielded EAEC. However, the high E. coli counts observed suggest that the product had been manufactured under poor hygienic conditions. Poor hygiene is considered a main risk factor for acquiring EAEC (Huang et al., 2006) . In the waterborne outbreak described by Pai et al. (1997) in India, the outbreak strain was not found in the water, but the water had high coliform counts.
The involvement of a cheese made with unpasteurized milk suggested the possibility of a zoonotic origin for the EAEC outbreak strain. A recent study conducted on large numbers of cattle, sheep and pigs at slaughter in Great Britain (Cassar et al., 2004) failed to show the presence of EAEC in the intestinal content of the animals. The tests conducted on sheep faeces in this study also yielded negative results and seem to exclude our hypothesis. However, the sampling was performed 30 days after the outbreak and about 60 days after the milk used to produce the cheese was collected. Therefore, we cannot exclude the possibility that the sheep had been transiently colonized at that time by the EAEC outbreak strain, which was no longer present at the time of faeces sampling.
The detection of the outbreak strain in one of the restaurant employees confirms the occurrence of EAEC asymptomatic carriage and raises the hypothesis that inappropriate food handling by one or more individuals colonized by EAEC could have been the cause of the outbreak. The presence of EAEC in a food handler was reported in one of the outbreaks described by Smith et al. (1997) , but the role of asymptomatic carriers in the epidemiology of EAEC infections remains unclear.
In conclusion, this report confirms that sporadic cases and outbreaks of diarrhoea due to EAEC occur in European countries and are probably underdiagnosed. Underdiagnosis of EAEC may occur because many public health and healthcare workers are not familiar with EAEC as a possible cause of diarrhoeal illness, and/or because limited research facilities with trained laboratory personnel are available to perform the assays to identify this pathogen. Awareness of EAEC should increase among public health officers, and samples from outbreaks in which common enteric pathogens are not detected should be submitted to laboratories specializing in EAEC diagnosis. As for other enteric pathogens, strict compliance with good hygiene practices by food handlers represents a key stage in preventing EAEC outbreaks.
